Objectives: We sought to compare the long-term cosmetic outcomes of absorbable versus nonabsorbable sutures for facial lacerations in children and to compare the complication rates and parental satisfaction in the 2 groups. Design/Methods: Healthy patients presenting to a pediatric emergency department with facial lacerations were randomized to repair using fast-absorbing catgut or nylon suture. Patients were followed up at 5 to 7 days and at 3 months. Three blinded observers, using a previously validated 100-mm cosmesis visual analogue scale (VAS) as the primary instrument, rated photographs of the wound taken at 3 months. For this noninferiority study, a VAS score of 15 mm or greater was considered to be the minimal clinically important difference. Parents also rated the wound using the VAS and completed a satisfaction survey. Results: Of the 88 patients initially enrolled, 47 patients completed the study: 23 in the catgut group and 24 in the nylon group. There were no significant differences in age, race, sex, wound length, number of sutures, and layered repair rates in the 2 groups. The observers' mean VAS for the catgut group was 92.3 (95% confidence interval [CI], 89.1Y95.4) and that for the nylon group was 93.7 (95% CI, 91.4Y96.0), with a difference of the means of 1.4 (95% CI, j5.31 to 8.15), which was less than the minimal clinically important difference of 15 mm (power, 990%). The mean parental VAS score for the catgut group was 86.3 (95% CI, 78.4Y94.1) and that for the nylon group was 91.2 (95% CI, 86.9Y95.4), with a difference of the means of 4.9 (95% CI, 2.41Y7.41), also less than 15 mm. There were no significant differences in the rates of infection, wound dehiscence, keloid formation, and parental satisfaction. Conclusions: The use of fast-absorbing catgut suture is a viable alternative to nonabsorbable suture in the repair of facial lacerations in children.
F acial lacerations are injuries frequently encountered in the pediatric emergency department (ED). Until recently, the standard method of repair for facial lacerations was to close such wounds with nonabsorbable sutures. During the past 2 decades, alternative approaches have been described in the literature. Topical skin adhesives, including butylcyanoacrylate and octylcyanoacrylate, have been shown to be faster and less painful when used to close superficial facial lacerations. 1Y4 In addition, adhesive strips also seem to have excellent cosmetic results in superficial lacerations. 5, 6 However, lacerations that are deeper, gaping, or occurring along lines of high tension still require sutures for repair. Plastic surgeons, ophthalmologists, otolaryngologists, and neurosurgeons have used absorbable sutures with good cosmetic results. LaBagnara, 7 in his review of absorbable suture materials used in head and neck surgery, noted that absorbable sutures are easy to handle, have low reactivity and excellent tensile strength, and costs less than the nonabsorbable sutures. Several other studies, involving mostly adult patients, have shown no significant differences with respect to wound appearance and infection rates between absorbable and nonabsorbable sutures. 8Y12 Still, there are very few studies comparing absorbable and nonabsorbable sutures in pediatric lacerations.
13Y15
Nonabsorbable sutures on the face are usually removed between 4 and 6 days after being placed. This necessitates an additional physician visit, often leading to missed work days for the parents and missed school days for the children. In addition, suture removal is often difficult in younger apprehensive children, especially those with unpleasant memories of the initial repair in the ED. More importantly, the primary concern of patients, parents, and health care providers is the final cosmetic appearance of the facial wounds. 16 This is the first of a 2-part study comparing long-term cosmetic outcomes between absorbable and nonabsorbable sutures. The primary objective of the first part of the study is to demonstrate noninferiority of absorbable sutures versus nonabsorbable sutures as measured by cosmetic outcomes at 3 months. Secondary objectives include comparisons with respect to complication rates including infection, wound dehiscence, keloid formation, and parental and patient satisfaction at 3 months.
METHODS
This is a prospective randomized clinical trial conducted in an urban pediatric ED of a university-based children's hospital in the northeastern United States. The study was conducted from June 2005 to February 2006 and was approved by the university's institutional review board.
Patients aged between 1 and 18 years, presenting with isolated linear facial lacerations, 1 to 5 cm in length, receiving 1-or 2-layered suture repair were eligible.
Patients were excluded if the facial lacerations were less than 1 cm or greater than 5 cm in length, had irregular boarders, were the result of a mammalian bite, were more than minimally contaminated on visual inspection, were more than 8 hours old, or could be repaired with the application of a topical adhesive. Patients with known immunodeficiency and bleeding or clotting disorders, those who were pregnant, and those with diabetes and/or renal dysfunction were also excluded.
The treating attending physician approached eligible patients, obtained consent, and enrolled the patients. The suture assignments, as determined by prior randomization, were kept in sealed envelopes inside the packets with all the study-related forms. Only after obtaining written informed parental consent in all subjects and written informed assent in children older than 7 years were the seal broken and the type of suture revealed.
Lacerations were repaired using a standardized approach. Either 5Y0 or 6Y0 fast-absorbing surgical gut (Ethicon Inc, Sommerville, NJ) or Nylon (Ethicon Inc) was used for skin closures. Fast-absorbing catgut (FAC) was used in all patients requiring a subcutaneous suture layer. Only attending physicians on duty, which included both pediatric emergency medicine physicians and general pediatricians experienced in this procedure, repaired the lacerations, and all patients were discharged with routine wound care instructions.
Patients were followed up in the pediatric ED for 5 to 7 days after the repair. During this visit, the wounds were assessed by the attending physician on duty for complications that were defined a priori as follows: Bwound infection[ was one that required systemic antibiotics as determined by the treating attending physician, and Bwound dehiscence[ was one that required the placement of additional sutures or tissue adhesives. Otherwise, all visualized cutaneous suture materials placed during the initial ED visit, including FAC, were removed during this follow-up visit.
Patients were then asked to return to the ED 3 months after the initial repair. Photographs of the wound were taken using a standardized protocol with a dedicated digital camera and then printed by a preassigned printer. These photographs were then rated by 3 pediatric emergency medicine physicians blinded to the treatment assignments. The cosmesis visual analogue scale (VAS) was used as the primary instrument. The scale is a 100-mm continuous line that is marked at the right end with Bbest scar[ (score, 100) and at the left end with Bworst scar[ (score 0). The observers were asked to mark on the line where they believe the scar Bbest fits.[ The minimal clinically important difference (MCID) was defined as 15 mm or greater on the VAS scale. 17Y19 Finally, observers were asked to document the presence or absence of the complication of keloid formation during this visit.
Parents and adolescents (age, 915 years) were also asked to complete a survey to assess the level of satisfaction during the 3-month follow-up visit. The survey included, among other items, the application of the VAS for the healed wounds (parental VAS) and questions regarding perceived complications, convenience, and consideration of using the same suture material in the future.
Primary Data Analysis
A sample size of 27 patients per group was estimated (STPLAN V4.1; Brown, BW, Houston, Tex) to detect a significant difference of at least 15 mm in the VAS, with an SD of 18.5 in a 1-tailed (noninferiority) trial, and to provide a power of 90% and an ! error of 0.05. A patient attrition rate of 40% was expected and was calculated in this final sample size estimate. Descriptive statistical analyses were used to compare demographics and wound characteristics of the 2 study groups. Differences between the groups were analyzed using analysis of variance on ranktransformed data. Proportions were compared using the Fisher exact test.
Using a noninferiority study design, a difference of 15 mm or less in the VAS was considered clinically equivalent. Differences and 95% confidence intervals (CIs) were used to compare continuous outcomes on the VAS score and the reported differences on the parental survey. Significance was established as an ! value less than or equal to 0.05. The primary statistical analyses were conducted on a per protocol basis. An intraclass correlation coefficient (ICC) was calculated as a measure of interrater reliability for the VAS score based on the repeated-measures design.
RESULTS
A total of 674 patients with lacerations were seen in the ED from June 2005 to November 2005 ( Fig. 1 ). Of these, 308 (46%) had facial lacerations, and 125 (40%) were initially deemed eligible for the study. Thirty-five patients (28%) were either not enrolled or declined to participate. Two patients, who were initially enrolled (1 in each group), were subsequently deemed ineligible when the lacerations were measured and found to be greater than 5 cm in length.
Of the remaining 88 patients, 49 were randomized to the FAC group; and 39, in the nylon group. Thirty-nine patients (80%) in the catgut group and 35 patients (90%) in the nylon group returned for the 5-to 7-day follow-up. A total of 47 patients (or 53% of the patients initially enrolled) returned for the 3-month evaluation, 23 in the catgut group and 24 in the nylon group, and statistical analyses were performed on this cohort. Table 1 summarizes the demographic characteristics in the 2 groups of patients who completed the entire study protocol. There were no significant differences in race, sex, wound length, number of sutures, and layered repair rates in the 2 groups of patients who completed the entire study (Table 1 ) and in those who did not. The overall median age was 77 months (range, 23Y225 months). The patients randomized to the catgut group seemed to be slightly younger (median age, 64 months) than those randomized to the nylon group (median age, 81 months), although this did not reach statistical significance. Table 2 summarizes the VAS results. The mean VAS for the catgut and the nylon groups were 92.3 and 93.7 mm, respectively (difference of the means, 1.4 mm; 95% CI, j5.31 to 8.15; power, 990%). For each observer, the maximum difference in the high and low scores for both treatment groups was less than 2 mm (range, 1.4Y1.7 mm). Because these differences were less than the MCID of 15 mm, they were considered clinically equivalent. The ICC was 0.42.
Primary Outcome
In addition, the mean parental VAS scores for the catgut and the nylon groups were 86.3 and 91.2 mm, respectively (difference of the means, 4.9 mm; 95% CI, 2.41Y7.41; power, 990%). Furthermore, the maximum difference between the observers' and the parents' mean VAS scores, within the same suture material, was less than 6 mm. Because these differences were less than 15 mm, the VAS scores for the observers and parents were also considered clinically equivalent.
Given the observers' mean VAS for the nylon group of 93.7 mm, a mean VAS in the catgut group of less than 78.7 mm would have been required to exceed the MCID of 15 mm. Thus, a mean VAS of 66.6 mm in the 26 catgut patients who did not finish the study would have been required to invalidate the conclusion of noninferiority between the treatment groups.
Secondary Outcomes
For those randomized in the catgut group, sutures that were still intact or unraveling were removed at the 5-to 7-day follow-up visit as per the study protocol. Of the 23 patients in the catgut group, 16 (70%) had at least 1 suture remaining at this visit, and in total, 57 (51%) of 112 catgut sutures placed were removed.
Although there were no cases of dehiscence in the nylon group, 1 patient in the catgut group had wound dehiscence. In addition, a second patient in the catgut group had wound dehiscence at the 5-to 7-day follow-up; because this patient did not return for a 3-month visit, he was not included in the final statistical analyses.
None of the patients in either group developed wound infection. One patient, treated with nylon, had a keloid noted on the follow-up visit at 3 months.
The parental survey (Table 3 ) demonstrated that absorbable sutures were found to be more convenient (91% vs 75%) and were more likely to be requested in the future (96% vs 79%), but these trends did not reach statistical significance. Three parents reported perceived complications, all in the catgut group (13% vs 0%): 2 parents reported premature unraveling of the sutures, and 1 parent reported both premature unraveling of the sutures and a large scar formation. This trend also did not reach statistical significance.
DISCUSSION
The art of suturing wounds had been described in the Egyptian scrolls as early as 3500 BC. 7 Suture materials used in the past centuries consisted of animal tendons, horsehair, leather strips, vegetable fibers, and human hair. In 1806, Philip Syng Physick, the father of modern surgery, developed a sturdier absorbable suture made from buckskin. Since then, modern techniques in the processing of suture materials resulted in improved suture strength. Catgut, derived from processed sheep or cattle intestines and initially used for string instruments, was first described for use in suturing in the 1870s. It is degraded by proteolytic enzymes in the tissues and, when pretreated with heat, produces a fastabsorbing material that dissolves between 3 and 10 days. 7, 20 Because nonabsorbable sutures on the face need to be removed between 3 and 7 days, we hypothesized that FAC would be the ideal suture for pediatric facial lacerations.
Primary Outcome
Our results showed that there were no clinically significant differences in cosmetic appearance between absorbable and nonabsorbable sutures at 3 months. We used the previously validated VAS scoring system to grade the wounds because this scale has been shown to be reproducible and easy to use. 17, 18 Quinn et al 17 has shown the MCID between treatment groups on the VAS to be 15 mm, whereas Singer et al 21 found this to be 10 mm. 18, 22 In our study, the differences between the mean VAS scores in the catgut and nylon groups, for both observers and parents, did not even reach the accepted MCID of either 10 or 15 mm. The study had adequate sample size to provide a power greater than 90% to detect this difference. Finally, our good ICC of 0.42 was similar to that of Quinn and Wells 18 (ICC = 0.50). The cosmetic outcome results of our study were also consistent with previously published reports evaluating the use of absorbable sutures in laceration repair. Holger et al, 23 using VAS scores, compared the cosmetic outcomes at 9 to 12 months of adult and pediatric patients with facial lacerations repaired using nylon, FAC, and octylcyanoacrylate. Their results also showed no clinically important differences in VAS scores between the 3 groups. Karounis et al 14 also did not detect any clinical difference in cosmetic scores between plain catgut versus nylon sutures in pediatric lacerations at 4 to 5 months. In an earlier study, still in abstract form, Lubitz and Coyne 15 did not detect any difference in cosmetic outcomes between FAC and nonabsorbable sutures at 4 to 12 months. As importantly, our observers' VAS scores were not significantly different from those of the parents and patients. This is similar to the findings of Singer et al 21 where lacerations considered to be having optimal outcomes by practitioners also received higher patient satisfaction scores.
We chose to assess wounds at 5 to 7 days for complications only, rather than for cosmetic results. Multiple studies have shown poor correlation between early and longterm wound appearances. 24Y26 The decision to follow up at 3 months, instead of 6, 9, or 12 months, came from the Food and Drug Administration's determination that the 3-month cosmetic outcome is the standard for evaluating success of laceration repair. 27 Quinn et al 25 also found a strong correlation in the cosmetic outcomes on wounds assessed at 3 months and 1 year. Biologically, a wound reaches 10% of its original tensile strength at 10 days, 80% at 3 months, and 100% at 1 year. Because very little inflammatory tissue reaction and collagen remodeling are thought to occur between 3 months and 1 year, no significant changes in cosmetic outcome occur during this time. 25 
Secondary Outcomes
There is a belief among some surgeons and emergency physicians that absorbable sutures may have higher rates of wound infection because of the greater inflammatory response elicited or tissue reactivity. 20, 28, 29 Our study did not support this belief. There were no infections in either group, indicating that clean facial wounds have very low infection rates regardless of the method of repair. This conclusion is supported by recent investigators who have found infections to be rare in both adults and children and no more frequent in lacerations repaired by topical adhesives, absorbable sutures, or synthetic sutures. 14, 23, 29, 30 With respect to wound dehiscence, Gabrielli et al 30 found a higher risk of dehiscence in patients who are younger, presumably because of the higher level of activity in this age group. Of the patients initially enrolled in our study, 2 in the FAC group had wound dehiscence at the initial follow up. The first child was a 64-month-old girl who was noted to have excessive bleeding at the time of the initial repair, had wound dehiscence noted on day 6 requiring the use of a tissue adhesive, had excellent VAS scores at 3 months (mean VAS, 97.6 mm), and was suspected of having a possible familial bleeding disorder. The second patient was a very active 32-month-old toddler who had no complications noted on the day 5 visit but returned on day 8 with a mild dehiscence necessitating the application of a topical adhesive. It was not known whether the patient reinjured the wound. Although he did not return for his 3-month follow-up visit, his mother was contacted by telephone at 3 months, and she expressed satisfaction with the wound's appearance. Both patients had only 1 layer of suture placed with no adhesive strip applied to support the laceration repair. Even if we include both cases of dehiscence in the analysis, the complication of the wound dehiscence did not reach statistical significance because of our sample size. We suspect that our decision to remove the catgut sutures on the 5-to 7-day follow-up visit, rather than allowing them to dissolve on their own, may have contributed to this trend. The lower tensile strength of FAC compared with nylon may have also played a role. On the other hand, Gabrielli et al 30 and Singer et al 32 found no correlation between dehiscence rate in either type of suture material used or placement of deep sutures. In addition, Holger et al 23 observed 1 dehiscence in the topical adhesive group but no dehiscence in either the nylon or the catgut suture groups. Finally, Karounis et al 14 noted a dehiscence rate of 2% and 11% in the catgut group and the nylon group, respectively, despite having nearly 50% of the wounds Breinforced[ with Steri-Strips.
Our survey revealed a trend where parents (and patients) randomized to the absorbable suture group preferred the same suture material in the future and found the suture material to be more convenient compared with those in the nylon suture group. However, this trend did not reach statistical significance. We can only speculate, because of our study design and sample size, that some parents may have preferred absorbable suture compared with nylon because of the ease with which the absorbable sutures were removed. On the other hand, we can conclude, based on the excellent parental VAS scores in both treatment groups, that parents were satisfied with the use of absorbable sutures in their children.
LIMITATIONS
There were several limitations to the study. Many patients were deemed ineligible because of the availability and use of tissue adhesives in our ED. In addition, not all eligible patients were enrolled, and only 53% of the patients enrolled completed the study. Still, for those patients who completed the study, and for those who did not, we found no differences between the patients assigned to the 2 groups with respect to patient demographics, wound characteristics, the number of sutures used, and the percentage requiring a 2-layered repair. We did anticipate a high (40%) attrition rate in our sample size calculations because our hospital is located in an economically underserved area, and we did not offer financial incentives and/or travel vouchers to return. Because we did not perform follow-up telephone calls on all patients who did not return, we cannot be certain of the complication rates or of the final cosmetic results in those who did not return. Given the observers' mean VAS for the nylon group of 93.7 mm, a mean VAS in the catgut group of less than 78.7 mm would have been required to exceed the MCID of 15 mm. Thus, a mean VAS of 66.6 mm in the 26 catgut patients who did not finish the study would have been required to invalidate the conclusion of noninferiority between the treatment groups. With the data presented, we find this possibility unlikely. In addition, despite our relatively small sample size and high dropout rates, we were able to demonstrate a power greater than 90% in our main outcome measure.
Another limitation was in our decision to have all patients return for a visit at 5 to 7 days after the initial repair, at which time any remaining suture material, including the absorbable type, was removed. Taking ethical considerations into account, we believed that a demonstration of noninferiority using this conservative protocol (part 1 of our study) was necessary before initiating a protocol in which these sutures would be permitted to dissolve completely on their own (part 2). As a consequence of this study design, we cannot yet make definitive recommendations regarding the need for follow-up at 5 to 7 days. However, the results of our study, when taken in the context of other published reports, give further evidence that the use of absorbable sutures have very low short-term complication rates. 14,23Y26,29Y33 This suggests that the 5-to 7-day follow-up visit may not be necessary when absorbable sutures are used to repair these lacerations.
On the other hand, we did not anticipate the high percentage of patients who would actually require removal of the absorbable sutures. As per our study protocol, we did not distinguish between sutures that were unraveling and those that were still intact and recorded both as requiring suture removal. We suspect that the actual number of sutures remaining intact may actually be smaller. The previous study by Karounis et al 14 showed that plain catgut dissolved within 10 days, whereas Lubitz and Coyne 15 found that 35% of fast-absorbing sutures completely resorbed within 5 days. Most review articles cite absorption of catgut between 5 and 10 days. 20, 34 In part 2 of our study, we hope to investigate not only the long-term cosmetic outcomes of fast-absorbing sutures in simple facial lacerations but also the time frame of complete self-resorption of these sutures.
In conclusion, our study demonstrates that there are no long-term differences in cosmetic outcomes and complication rates between absorbable catgut sutures and traditional nylon sutures in the repair of facial lacerations in the pediatric population. In addition, the parents of the children expressed satisfaction with the use of absorbable sutures.
